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I. Introduction 
One of the youngest and most rapidly growing industries today 
is the electronics industry. Of comparatively minor importance during 
the 1930's, the advent of World War II and later the KOrean War gave tre-
mendous impetus to the expansion and growth of the industry. The wars, 
coupled with the introduction of television on a large scale, have helped 
the industry assume an increasingly important role in·the nation's econ-
omy. 
Of the many and varied uses that industry in general has found 
for electronics, one that appears to hold considerable promise, is in the 
field of automation. It is the intent of this thesis to di~cuss the pos-
sibilities of the uses of electronics in this field and, incidentally, the 
role which the New England sector of the electronics industry may be called 
upon to play. 
To help gain the proper perspective, a limited discussion of au-
tomation, its meaning, and some of its principles and problems is given at 
the outset. This discussion is not meant to be all-embracing in scope and 
will, perforce, give only superficial treatment of many areas. 
An original survey of companies connected with the electronics 
industry in New England has been conducted to provide corroborative in-
formation for some of the thoughts and contentions which are presented. 
In addition, a limited number of interviews with persons closely connect-
ed with the field of electronics and its use in automation have been made 
to give further insight to the subject. 
Examples of actual as well as proposed applications are given 
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with the hope they will prove of interest to management people in indus-
tries other than electronics, and perhaps at the same time bring to mind 
possible further uses of electronics in automation. 
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II. The Nature of Automation 
lf there is any one word which has done more to fire the imagi-
nation than has any other in the past few years, it is probably nautoma-
tion.'' This difficult to define, much misunderstood, and frequently a-
bused word has been hailed by some as being absolutely essential if we 
are to obtain higher living standards, and railed at by others who see it 
as a means for lowering wages and decreasing the number of workers neces-
sary in industry, bringing about increased unemployment and lower incomes. 
TO some it is nothing new, just increased mechanization, and to others it 
heralds the advent of a second great Industrial Revolution. 
MUch has been written about the economic and social effects of 
automation and it is not intended to become involved here in a lengthy 
discourse of these aspects of the subject. However, a limited discussion 
of automation and its meaning and what its possibilities are is necessary 
to set the tenor of the main body of the thesis. 
A. Meaning 
The origin of the word "automation" is somewhat clouded, though 
it appears that the word was first used in 1948 by Delmar s. Harder, pres-
ently Vice President in charge of Manufacturing at the Ford Motor Company, 
whose limited meaning of "handling parts between successive production op-
n* erations has since become outmoded. A more recent definition is by Peter 
*20, p. 78 
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F. Drucker, noted management consultant and author, who says "Automation 
can be defined simply though superficially as the use of machines to run 
* machines." Before the Subcommittee on Economic Stabilization, Joint Con-
gressional Committee on the Economic Stabilization, Joint Congressional 
Committee on the Economic Report, Ralph J. Cordiner, President of the 
General Electric Company, defined automation as "continuous automatic 
production."**Perhaps a more descriptive definition and one of direct mean-
ing to the electronics industry in particular, is one advanced by the Ra-
dio-Electronics-Television Manufacturers Association. "Automation is the 
technique of improving human productivity in the processing of materials, 
energy, and information by utilizing, in various degrees, elements of self-
*** 
control and product flexibilityn is the definition that it proposes. 
As used in.this thesis, the word "automation" is not to be tied 
down to any one definition but rather to a meaning or sense which embod-
ies three principles. These principles are those of self-control, using 
feedback in a closed-loop system, continuous flow operation, and the use 
of a computer or similar device as a control center. A detailed descrip-
tion of these principles follows. 
B. Principles 
Regardless of what words are used to describe automation, with 
the attendant confusion which has resulted, some of .the principles in-
volved are becoming more and more universally accepted. One important 
*37, p. 41 
**4, p. 2 
***56, p. 2 
' 
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principle is that of self-control through the use of a closed-loop system 
embodying the principles of feedback. This is as opposed to an open-loop 
system such as is used in a highly mechanized, but not automatized, proc-
ess. 
One example which is quite frequently used to differentiate be-
tween the two systems is that of the control of temperature in a house. 
In the open-loop system, one feels that it is getting cold, checks the 
thermometer in the room and finds that that is the case,,and then goes 
to the cellar and adds fuel, thus bringing the temperature of the house 
to the desired level. In the closed-loop system, the thermostat on the 
wall is set to the desired position. When the temperature of the room 
falls below this point, this information is transmitted back to the fur-
nace by the automatic closing of a switch which turns on the furnace. 
lVhen the desired temperature is reached, the switch automatically opens 
and the furnace shuts off. The flow of heat which activates the thermo-
stat is feedback. Diagram I gives a graphic presentation of an open-loop 
system and a closed-loop system. 
An example of early automation that is sometimes given is that 
of an automatic flour mill owned by Oliver Evans in 1784-5. Located on 
the edge of Red Clay Creek near Philadelphia, grain was fed into the mill 
by a bucket conveyor which emptied into a series of water-powered endless 
belts or screw conveyors through the various grinding operations until at 
* the end flour was dumped into barrels. This was a highly mechanized proc-
ess, especially in its day, but there seems to be no reference to any ele-
*24 1 P• 3 
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Diagram I 
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ment o~ self-regulation or self-control 1 so that if we adhere to a defini-
tion such as proposed by the Radio-Electronics-Television Manufacturers 
Association 1 it is doubtful if this can be considered true automation. 
Evans' mill did1 however, embody another principle of automation, 
that of continuous flow operation as opposed to "batch" operation. Sever-
al individual processes were linked together by materials handling equip-
ment so that the result was one line of continuous production. An excel-
lent example of this is found in the production of automobile engines by 
the Ford MOtor Company in its plants in Cleveland. The engines have 530 
different operations performed on them as they go through the asselllbly 
* line in 14i minutes. 
A third principle of automation is the use of computers, which 
can record and store information and then perform various types of math-
ematical operations. These computers, which have gained much fame in their 
use in scientific applications, can be used to control a production line, 
making decisions in an almost unbelievably short time 1 or they can be used 
in data processing. A more comprehensive discussion of computers will be 
undertaken in a later portion of the thesis. 
c. Approach 
• 
1. Attitude 
There are some people who feel that automation will bring about 
*19, p. 64 
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another industrial revolution, and that it is in itself a revolutionary 
thing. James B. Carey, President of the International Union of Electri-
cal Workers, CIO, has stated that "Automation represents something radi-
cally different from the mere extension of mechanization. It is a new 
* technology arising from electronics and electrical e;ngineering." He ap-
pears to be of the school which feels that very shortly we will see many 
completely automated factories with only a handful of men to keep watch. 
There are others who feel that automation is just a word used 
to impress and excite the public, and that it is only more and more mech-
anization. 
A more middle-of-the-road approach to the subject is favored 
for use in this thesis. Automation embodies some new ideas and concepts 
but these have arisen as a matter of evolution and are the inevitable re-
sults of progress. There is more to it than just increased uses of mech-
anization. 
The idea of a completely automated factory is not at all far-
fetched in some industries. In fact, the petroleum.industry is an excel-
lent example of one that lends itself to automation and could undoubtedly 
become completely automated if it so desired. The process of refining is 
one of continuous flow, it is easily adaptable to the use of a feedback 
system, and computers are available which could make the decisions neces-
sary to ensure proper operation of the refinery. It appears that the com-
panies feel that the men must be available anyway in the event of an emer-
gency and the additional cost to completely automate the refining process 
is not presently justifiable.** 
*14, p. 22 
** 20, pp. 75, 76 
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The more moderate approach to the use of automation and its 
techniques is to consider its introduction to the plant as part of a long-
range program. By intelligently analyzing the present products and proc-
esses and then planning for the future with unhurried related steps, in-
stead of jumping immediately into a full-scale automated setup, many in-
terim benefits may be realized without ~nduly excessive costs or disrup-
tions. Two areas which immediately come to mind and in which may be found 
early beneficial results are those of improved machine scheduling and im-
proved materials and parts handling. By using equipment and methods which 
would be compatible with an over-all automated setup at a later date, im-
mediate improvements may be found without incurring heavy expenditures. 
Quite basic to the long-range planning for automation is man-
~gement's ability to visualize just what the product to be manufactured 
should be and not just what it is. The form of the product is not in it-
self of pr~me concern, but the function of the product is the basis upon 
which the planning must rest. It stands to reason that the physical de-
sign of the product must be one what will not conflict with the methods 
used to produce it, and it is conceivable that the product may have to be 
completely redesigned. It is also quite possible that the most minor of 
changes in design will be all that is required. The end use of the prod-. 
uct is what must be kept uppermost in mind. 
2. Approach 
An excellent example of this idea can be found in the use of 
printed circuits in the electronics industry. Rather than trying to fig-
14 
ure a way to automatically wire a chassis in the conventional manner, a 
study of the function of the circuits involved was made, with the end re-
sult that an extremely different appearing product was developed which 
gives the same results as the conventionally wired chassis. Several ways 
to use these printed circuits have been invented and some of these methods 
will be presented in a following chapter. 
It is also extremely important that in planning for the machines 
and processes to be used in manufacturing the product, management should 
not think of ways to duplicate hand assembly methods but should think in 
terms of what is to be accomplished. In fastening two pieces together it 
perh~ps has been the custom to use a machine screw and nut. Perhaps a riv-
et, a spotweld or some other fastener could be used which would be more a-
daptable to automatic assembly, and thus there would be no necessity for 
designing a machine to screw nuts on bolts as a human does. 
Another factor which must also enter into management's planning 
is the available and potential market for the product to be manufactured. 
It may be rather simple to redesign the product so that it may be produced 
automatically and it may not be too great a chore to design the equipment 
to produce it, but if the market is not there the benefits gained by auto-
mation can be easily lost. Some products just do not lend themselves to 
automation for this very reason. 
Still another factor which must be evaluated is the danger of 
obsolescence. To set up a costly automated line for the production of a 
product which could become obsolete before the advantages of automation 
are realized might well be disastrous to a company. Of course, there is 
an element of obsolescence in any product, but some measure of stability 
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of the market £or the item to be produced is quite necessary. 
It might be mentioned, in passing, that size of market and ob-
solescence are two reasons why it is felt that there is no great danger 
for production to become centered in just a few industrial giants who 
will be the only companies able to afford·to become completely automated. 
There should always be room for people who specialize in custom-built and/ 
or high-style items and who will use considerable amounts of hand labor 
and nonautomatized methods in their production processes. 
To help guard against the difficulties which arise when a prod-
uct and the production process must be changed for some reason or other, 
management should plan for machinery and equipment that will be as flex-
ible as possible. Undoubtedly extremely versatile machines could be de-
signed which could perform a multitude of tasks, but they would most 
likely be prohibitively expensive and would have some limitations. Prob-
ably a more practical approach would be to design the process around sev-
eral somewhat limited machines which could be linked together to provide 
the desired results. Here again, the idea of a gradual entrance into fully 
automatic production appears, for these more or less single-purpose machines 
could be eased into the production line over a period of time. 
Only after a careful and diligent study of these and all other 
phases of the problems involved should management attempt to formulate its 
plans for automation. 
D. Effects 
There seems to be no end to the material which has been written 
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about the social and economic effects of automation and it would be folly 
to assume that anything that might be written here would be especially 
new or enlighte~ing, but perhaps a few words about these effects are in 
order so that we may have before us a more complete picture of the prob-
lem. 
The population of the United States in the next decade or two 
is e~ected to increase at a rapid rate and, according to Peter Drucker, 
where in 1955 the population was 162 million, 1965 should see a popula-
* tion of 190 million and 1975 a population of 225 million. He also feels 
that the available work force will increase at a much slower rate and 
that some means of increasing the output per worker must be found if the 
** greater demand for goods is to be satisfied. To him, automation is the 
answer and not only will it not bring about increased unemployment, but 
it will be necessary for progress. 
Although the spectre of mass unemployment does appear to be 
pretty well unfounded, there undoubtedly will be some nonrelated areas 
of worker dislocation. The various labor unions have been quite concerned 
over this problem and have given warning to management that it will be 
held responsible if the introduction of automation brings about dire re-
sults. 
The impact of these dislocations can be considerably lessened 
by various methods. The.normal turnover of workers will help management 
adjust to the situation, by not hiring replacements for those who termi-
nate for one reason or another. By retraining the present workers, man-
*36, p. 28 
**27, p. 5 
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agement will also help alleviate the problem and at the same time will 
provide upgrading and promotion for employees who might otherwise not 
have had the opportunity. 
It might be well at this point to state that one of the prob-
lems and also benefits of automation will be the need of many more high-
ly skilled workers than are now available. It will take trained men to 
operate the more complex equipment efficiently and the need of techni-
cians to service and maintain the equipment will be great. More and more 
engineers will be necessary to design and construct the equipment used in 
the automation process. Average wages will be higher as a result of using 
a larger proportion of these technically trained workers than is done at 
the present. 
Unions have begun to make known rather vehemently what they con-
sider their proper position in the picture will be. If there are going 
to be any benefits, they want to make certain that they will get their full 
and fair share. It is the writer's opinion that one of the best state-
ments concerning the unions' position was one made by John L. Lewis, Pres-
ident of the IDnited Mine Workers: 
Mechanization in the United States has robbed the 
industry of some of its elements of slave toil. 
If an automatic or semiautbmatic machine can be 
harnessed to use energy and do the work of :human 
hands, I think it is a justifiable enterprise that 
makes its own contribution to the standards and 
the culture and the happiness of the population. 
If, in addition, the utilization of energy and ma-
chinery 1 new formulas, improved techniques., can 
be made to become an economic advantage in.lower-
ing cost of production, in permitting a larger mar-
gin between the cost of production and sales reali-
zation, in which the investor, the worker and the 
public as a consumer can participate, then it, in-
deed, becomes not merely the opportunity but the ob-
ligation. 
In return for encouraging modernization, the utili-
zation of machinery and power in the mines and mod-
ern techniques, the union would insist on a clear 
participation in the advantage of the machines and 
the improved techniques.* 
Management's attitude is put quite well in a statement by 
Delmar s. Harder of the Ford Motor Company. 
Automation is a vital stepping-stone to the expan-
sion of our economy. It has the ability to tie 
production processes together and to enable labor 
to gain the most from machines. Extensive use of 
automation would act as a prod to our entire econ-
omy in three ways: (1) by expanding the capital 
goods industry, (2) by enabling labor to increase 
its earning po~er, ~~ (3) by reducing over-all 
costs of production. 
*27, p. 5 
**20, p. 90 
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Ill. Survey of New England Electronics Industry 
A. Purpose and Scope 
To find out.what companies connected with the electroni~s in-
dustry are thinking about some of the areas of automation and the uses 
19 
of electronics in automation, an original survey was undertaken. Com-
panies asked to participate ranged from the very small laboratory or shop 
·with less than ten people to the large corporations employing thousands. 
The questionnaires were addressed to the presidents, chief engineers and 
other top management people. Names and addresses were taken from the 
Directory of New England nmnufacturers 1 the Electronics Buyers' Guide, 
the Thomas• Register and other trade publications. A limited number, less 
than ten, were sent to people in the industry known personally. 
The questionnaire was designed so that in nearly all cases a 
simple check mark or number would be sufficient to answer the question. 
Before sending it out, it was checked thoroughly with, and very generous-
ly by, several people connected with the industry and interested in auto-
mation. It was revised a number of times before attaining its final form. 
A total of 129 questionnaires were sent out, nearly all to firms 
located/in the New England area. This limitation was chosen for two rea-
sons,. - (1) for convenience sake, and (2) because of a specific interest 
in the New England electronics industry. It is felt that nar~owing it 
down to this area does not in any way detract from the validity or useful-
ness of the information received, for this sector of the whole industry is 
in itself a growing, progressive one. 
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Table II 
Confidential Code No. ___ 
ELECTRONICS IN AUTOMATION 
SURVEY 
Companies asked to participate in this survey were chosen from such 
sources as the Electronics Buyers' Guide, the Thomas' Register, and 
other trade publications, and for convenience sake, are located pri-
marily in the New England area. Names of individual companies par-
ticipating will not be divulged. 
Age of Company: Under 5 yrs. ___ 5 to 10 yrs. ___ lO to 25 yrs. __ __ 
Over 25 yrs ._ 
Number of employees: Under 100 100 to 500 Over 500 
% of employees-engineers: Under 5% ___ 5 to 10% ___ 10 to 20% ___ 0ver 20% __ _ 
Sales (OOO's of dollars): Under 100 ___ 100 to 500 ___ 500 to 1,000 __ __ 
Over 1, 000 ____ _ 
Principal Products: Systems_____ Components _____ Services --------
Classifications: 
Are you now contributing to the field of automation? Yes No 
------
With: Services 
-----
Systems ___ Components ____ _ 
Do you intend to enter the field of automation? Yes No-----
With: Systems ___ Components ___ _ Services 
---
Would you recommend that an electronics firm enter the field of automa-
tion? 
Yes No 
-----
With: Systems ___ Components ___ _ Services 
------
What, in your opinion, is the major requirement before entering this field? 
Availability of: Engineering Manufacturing Financing 
Market information other ----------~----
Table II 
(Continued) 
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What, in your opinion, are the fields with the largest promise for auto-
mation that could be developed in the next 5 years (please indicate first 
.3 choices)? 
Banking 
Chemical process ____ _ 
Electronics 
Insurance 
Lithographic 
Machine tools 
Paper 
Retail 
other: 
---
In what areas of the fields which you indicated would you expect the 
greatest benefits? 
Accounting 
Distribution 
Inventory Control 
Materials handling 
Production 
Quality Control 
Record Keeping (non-acct.) 
Scheduling 
Stores 
other 
Field 1 Field 2 Field 3 
What major benefits, in your opinion, will result from the adoption of 
automatic devices? 
Greater profits 
Higher efficiency 
Uniform scheduling 
Fewer labor conflic~t-s---
Higher capital expenditures ___ __ 
Lower capital expenditures 
More reliability 
Other 
I£ you are not in the field of automation, but would like to explore its 
possibilities, what specific information would be most useful to you? 
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Table III 
ELECTRONICS IN AUTOMATION 
Survey Results 
65 Companies Reporting 
Age of Company (years) 
Number of Employees 
% of Employees-Engineers 
Sales (OOO's of Dollars) 
Principal Prod,ucts 
Now Contributing to Field 
of Automation 
Intend to Enter Field 
of Automation 
Recommend Entering Field 
of Automation 
Major Requirement Before 
Entering Field 
Major Benefits Expected 
From Adoption of 
Automatic Dev~ces 
Under 5 5-10 10-25 OVer 25 
11 "1.7 13 23 
Under 100 100-500 OVer 500 
26 20 18 
Under'S 5-10 10-20 OVer 20 
18 '"17 17 10 
Under 100 100-500 500-1000 OVer 1000 
l 16 8 32 
Systems 
29 
Components 
44 
Services 
14 
Yes No Systems Components Services 
47 12 with 17 38 7 
Yes No Systems Components Services 
20 15 With 13 16 3 
Yes No Systems Components Services 
42 1 with 27 32 17 
Availability of 
Engineering Manufacturing Financing 
16 40 12 
Market Information 
26 
Greater 
Profit 
19 
Higher 
Efficiency 
43 
other 
3 
Uniform 
Scheduling 
16 
Fewer Labor 
Conflicts 
2 
Higher Capital 
Expenditures 
10 
Lower Capital 
Expenditures 
1 
More 
Reliability 
22 
Other 
11 
Table IV 
Views of Companies Under 5 Years of Age 
% of Employees-Engineers 
S~les (OOO's of Dollars) 
Principal Products 
Major Requirement Before 
Entering Field 
of Automation 
11 Companies Reporting 
Under 5 
2 
Under 100 
0 
Systems 
6 
5-10 
4 
10-20 
2 
100-500 500-1000 
4 2 
Components 
5 
Availability of 
Engineering Manufacturing 
7 4 
Market Information 
8 
Higher Uniform 
23 
Over 20 
3 
Over 1000 
1 
Services 
3 
Financing 
5 
other 
0 
Greater 
Profit 
·4 
Efficiency Scheduling 
Fewer Labor 
Conflicts 
0 
Major Benefits Expected 
6 1 
Higher Capital 
Expenditures 
2 
Lower Capital 
J1!Xpenditures 
0 
other 
1 
More 
Reliability 
3 
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Table V 
Views of Companies 5 to 10 Years of Age 
% of Employees-Engineers 
Sales (OOO's of Dollars) 
Principal Products 
Major Requirement Before 
Entering Field 
of Automation 
Major Benefits Expected 
17 Companies Reporting 
Under 5 5-10 10-20 
3 2 8 
lhlder 100 100-500 500-1000 
0 7 3 
Systems Components 
9 10 
Availability. of 
Engin~ering Manufacturing 
13 3 
Market Information 
(J 
Over 20 
3 
Over 1000 
6 
Services 
5 
Financing 
5 
Other 
0 
Greater 
Profit 
5 
Higher Uniform Fewer Labor 
Efficiency Scheduling Conflicts 
11 7 0 
Higher Capital 
Expenditures 
2 
Lower Capital 
Expenditures 
0 
Other 
1 
More 
Reliability 
7 
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Table Vl 
Views of Companies 10 to 25 Years of Age 
% of Employees-Engineers 
Sales (OOO's of Dollars) 
Principal Products 
Major Requirement Before 
Entering Field 
of Automation 
Major Benefits Expected 
13 Companies Reporting 
Under 5 5-lO l0-20 over 20 
4 5 2 2 
Under 100 100-500 500-1000 over 1000 
l 2 2 7 
Systems Components Services 
6 ll l 
, Availability of 
Engineering Manufacturing Financing 
7 0 l 
Market Information other 
5 0 
Higher Uniform Greater 
Profit 
4 
Efficiency Scheduling 
Fewer Labor 
Conflicts 
0 9 l 
Higher Capital Lower Capital 
Expenditures EXpenditures 
l 0 
other 
3 
More 
Reliability 
4 
26 
Table Vll 
Views of Companies OVer 25 Years of Age 
$ of Employees-Engineers 
Sales (ooo•s of Dollars) 
Principal Products 
Major Requirement Before 
Entering Field 
of Automation 
Major Benefits Expected 
23 Companies Reporting 
Under 5 5-10 10-20 OVer 20 
9 6 4 1 
Under 100 100-500 500-1000 OVer 1000 
0 2 1 15 
Systems Components Services 
4 17 4 
Availability of 
Engineering Manufacturing Financing 
13 5 5 
Market Information other 
5 1 
Greater Higher Uniform 
Profit Efficiency Scheduling 
Fewer Labor 
Conflicts 
2 6 16 7 
Higher Capital 
Expenditures 
5 
Lower Capital 
Expenditures 
1 
Other 
4 
More 
Reliability 
8 
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Table VIII 
Views of Systems Manufacturers 
% of Employees-Engineers 
Sales (OOO's of Dollars) 
. Major Requirements 
Major Benefits Expected 
29 Companies Reporting 
Under 5 
4 
5-10 
6 
10-20 
12 
OVer 20 
7 
Under 100 100-500 500-1000 OVer 1000 
l 9 3 16 
Eng. 
23 
Fin. 
-9-
Greater 
Profit 
11 
Higher Uniform 
Efficiency Scheduling 
22 8 
Higher Capital 
Expenditures 
8 
Other 
6 
Lower Capital 
Expenditures 
l 
Mar. Inf. other 
15 3 
Fewer Labor 
Conflicts 
2 
More 
Reliability 
12 
28 
Table· IX 
Views of Component Manufacturers 
% of Employees-Engineers 
Sales (OOO's of Dollars) 
Major Requirement Before 
Entering Field 
of Auto:nt!'ttion 
Major Benefits Expected 
44 Companies Reporting 
Under 5 
14 
5-10 
13 
lG-20 
6 
OVer 20 
7 
Under 100 
1 
100-500 500-1000 OVer 1000 
7 6 27 
Availability of 
Engineering Manufacturing 
27 10 
Market Information 
17 
Financing 
11 
Other 
1 
Greater 
Profit 
12 
Higher 
Efficiency 
33 
Uniform 
Scheduling 
12 
Fewer Labor 
Conflicts 
2 
Higher Capital 
Expenditures 
8 
Lower Capital 
Expenditures 
0 
Other 
9 
More 
Reliability 
18 
29 
Table X 
Views of Service Suppliers 
% of Employees-Engineers 
Sales (OOO's of Dollars) 
Major Requirements 
Major Benefits Expected 
14 Companies Reporting 
Under 5 5-10 10-20 OVer 20 
3 5 3 3 
Under 100 100-500 500-1000 OVer 1000 
0 3 1 7 
Eng. Mfg. Fin. Mar. Inf. other 
-9- 2 1 5 1 
Greater Higher 
Profit Effi·ciency 
7 11 
Uniform 
Scheduling. 
6 
Fewer Labor 
Conflicts 
0 
Higher Capital Lower Cal!ital 
Expenditures Expenditures 
2 1 
other 
2 
More 
Reliability 
5 
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B. Results 
Of the 129 questionnaires sent, 65 were returned for an aver-
age of 50.4 percent. This return was considerably larger than had been 
expected or even hoped for and the generosity of the people answering was 
most gratifying. Of the 65 returned, only 1 could be said to be of lit-
tle or no use. Additional comments were given by several and some took 
the time to write a personal letter. 
In order to obtain a little background information, a few ques-
tions about the specific companies were asked. In answer to the question 
of the age of the company, 11 said they were under 5 years old, 17 were 
from 5 to 10 years old, 13 were from 10 to 25 years old, and 23 claimed 
to have been over 25 years old. Thus, approximately 44 percent of the 
companies have been formed since World War 11. A young industry, indeed. 
Twenty-six of the companies employ under 100 people, 20 employ 
between 100 and 5001 and 18 employ over 500. The majority of the compan-
• ies could be said to fall in the small or medium class, which certainly 
seems logical when we think about their ages. Only two of the companies 
under 5 years old employ over 100 people. 
The electronics industry is one in which research and develop-
ment play a large part. The answer to the question- what percentage of 
the employees are engineers - brought forth the replies of 18 under 5 per-
cent, 17 from 5 to 10 percent, 17 from 10 to 20 percent and 10 said over 
20 percent which certainly bears out the importance of research and de-
velopment. The younger companies on the whole employ ~ larger percentage 
of engineers than the older ones. Many small companies have started out 
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with a few engineers and have grown from that point. Several cases of 
this very thing in the industry are personally known. 
V~en it came to answering the question of volume of sales, a 
few companies balked and did not answer. The limits were set too low, 
apparently, because only one company admitted to having sales of less 
than $1001 000. Sixteen said they had between $1001 000 and $5001 000 of 
sales, 8 were between $500 1 000 and $1 million, and 32 said their sales 
were over $1 million. Some of the companies may be small and relatively 
young but, on the whole., they certainly seem to do a good business. Seven 
of the companies under 10 years old had sales of over $1 million. 
The next question asked what the principal products of the com-
panies are. In many instances more than one answer was given as several 
companies either make both complete systems as well as components or sup-
ply services also. Twenty-nine said their principal product is systems, 
44 components and only 14 supply services. A larger percentage of the 
younger companies supply services and the older companies appear to con-
centrate their efforts more on the manufacture of components. Classifi-
cations of products made ranged from complete control systems to resistors 
and capacitors. 
In answer to the question of whether they were now contributing 
to the field of automation, 47 said "yes," while 12 said they did not con-
sider that they were. Of the 47 who said they were contributing, 17 com-
panies contribute systems, 38 components and 7 services. Here again, the 
younger companies supply a larger percentage of services and also systems. 
The next question asked if the companies intended to enter the 
field of automation. Of course, many of the companies who said they are 
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already contributing to the field did not answer this question~ but some 
did and~ together with most of those who are not now contributing, 20 
answered affirmatively. The 15 nno" answers came mostly from those who 
are already in the field but a few of those not now contributing do not 
iptend to. Thirteen intend to enter with systems, 16 with components, 
and 3 with services. 
Some of the companies hesitated to recommend that an electronic 
firm enter the field of automation but there was only one who actually did 
not recommend it. Forty-two of the others did recommend it, however, and 
27 said with systems~ 32 with components and 17 with services. The over 
25 group were the most cautious, with the largest number of blanks in 
this group and when they did recommend entering it was mostly with compo-
·nents. The younger group recommended all three about equally strongly. 
The next question proved to be a very interesting one. Several 
companies gave more than one answer as they did to most of the questions 
following this one. The availability of engineering was considered to be 
the main requirement before entering the field of automation with 40 com-
panies checking that answer. This was the answer given by most of the 
companies in the three oldest groups. The youngest group felt that the 
availability of market information was more important for out of the 26 
answers 8 were from this group. The older concerns evidently have been 
able to build up their sources of market information over the years, as 
only 5 of the companies in the over 25 group checked this. Financing, 
checked by 16 companies, and manufacturing, checked by 12 companies, were 
the least important~ although it is interesting to note that to the com-
panies over 25 years of age, financing was deemed a major.r.equirement by 
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5 companies. 
Comments of particular interest were made by two companies in 
answering this question and, while different in expression, were related 
in thought. One comment was to the effect that a company must be able to 
define what a customer needs as against what the customer may·,not in the 
way of equipment, services, etc. The other comment expressed it as the 
necessity of the educating of nonelectronic industries of the potentials 
of electronics. 
In choosing the fields which were thought to have the largest 
promise for automation in the next five years, three fields stood well a-
bove all others. The machine tool field was checked by 36 companies, with 
8 first choices. The chemical process field was next with 28 checks, 10 
of which w~re first choices, and the electronics industry was next with 
24 check marks, 6 companies making this their first choice. The machine 
tool and chemical process industries are ones in which initial steps to 
automatize them have already been made and, as will be seen in a later 
chapter, the electronics industry has been experimenting along these lines 
also. 
The fields of insurance and banking were given 17 and 13 checks 
respectively. These two industries are somewhat related in that they both 
deal with tremendous amounts of paper work. Computers will find great use 
in these two fields. 
Ten companies checked paper as the field with the largest prom-
ise while the retail field was checked by only 4. No one seemed to tpink 
that lithography held any promise. Perhaps it was felt that the unions, 
which are quite strong and powerful, would object to further use of auto-
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matic techniques and equipment in this already highly mechanized field. 
Several other choices were mentioned including packaging of 
food stuffs, the textile industry, automobile production, office machin-
ery, metal working, and quite a few thought fabrication, either in specif-
ic cases or in general, was the most promising field. 
A wide variety of answers were given to the next question, 
which asked in what areas of the fields indicated in the previous ques-
tion were the greatest benefits expected. Those who checked the machine 
tool field felt that the area of production offered the most, 20 giving 
this as their answer. Thirteen felt that quality control would give the 
greatest benefits and 8 could see expectations of benefits in materials 
handling. Scheduling and inventory control were the other two areas 
checked by any substantial number of companies. 
In the chemical process field, production was also felt to hold 
the most promise of benefits, with 12 checks, closely followed by the a-
rea of quality control with 10 checks and materials handling with 9 checks. 
The very nature of the industry would seem to indicate that these should 
be the most common choices. 
Production was deemed to be most important in the electronics 
industry, too, with 16 companies checking this answer. Quality control 
was next in promise, with 8 check marks and materials handling with 5 
checks was the only other.area to receive a signi~icant number of answers. 
The accounting area of the banking and insurance industries was 
felt to be the one to hold the greatest expectations of benefits, with 9 
checking this answer :for banking and 11 checking it for accounting. The 
insurance industry received 8 checks in the record keeping area, and bank-
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ing received 5 checks. Inventory control in insurance also held promise 
for some, 3 companies checking this. These answers are the rather obvi-
ous ones for these industries. 
There was no question in the minds of the people who answered 
the questionnaires as to what major benefits will result from the adoption 
of automatic devices. By a margin of almost two to one, higher efficiency 
is expected to be the most common major benefit. Forty-three companies 
checked this answer. 
Reliability, which is of e:x:treme importance in the electronics 
industry itself, was the second choice with 22 companies giving this as 
an answer. Greater profits, checked by 19 companies, was considered the 
third major benefit that will result. 
Sixteen companies think that uniform scheduling Will be a major 
benefit and 10 companies feel that higher capital expenditures and1 con-
versely, lower labor expenditures will be another benefit. Only.two com-
panies felt that there would be fewer labor conflicts and only one felt 
that lower capital expenditures would result. Upon reflection, the word-
ing of this last answer was probably confusing and undoubtedly it would 
have been better to omit it. 
T)pes of benefits, other than those specifically listed in the 
questionnaire, were given by eleven different companies. Greater volume 
of production as well as great productivity per worker are expected by 
several of the companies. Coupled with this is the expectation of lower 
costs of manufacture which will ultimately result in lower costs to the 
consumer. One contributing factor to lower costs will be the lessened 
need for handling of materials• Improved quality is expected even though 
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there will be a reduction in the labor skills required of the workers. 
The precision and skill will be built into the machinery used with the 
electronic controls and equipment th~ governing factor. 
Higher pay for the individual worker, together with a shorter 
work week, is also expected. These two things, together with the other 
benefits listed, will bring about a higher standard of living. 
c. Specific Comments 
The last question of the questionnaire asked what specific in-
:formation.would be most useful to a company interested in exploring the 
possibilities of entering the field of automation. \Yhile some answers 
were quite superficial, many were quite detailed. All in all, eleven com-
panies gave answers to this question. 
One company felt that a person thinking of entering the :field 
would want to know: 
(1) Economics involved 
(2) Shut-down and conversion period 
(3) \~t changes are required in operating 
personnel 
(4) What advertising advantages it produces 
(5) What versatility o:f production it offers 
(6) What is the risk of obsolescence of the 
particular installation 
Another company would like to know more about the engineering required, 
the cost of new machinery, space requirements, and where advantages or 
savings might be found. Actual case histories of successful applications 
would also be of great help to this company. 
Several companies in one way or another expressed the useful-
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ness of market information. It was suggested that a market survey might 
' 
be the first step in securing this information, but caution was advised 
to see that a high degree of technical competence was used in such a sur-
vey for the subject itself is quite technical and the ultimate user might 
not be aware of his need for something not yet developed. 
Akin to this was the thought, put in various ways, that there 
is a certain lack of communication between the people who are technical-
ly competent to design the equipment needed and those people who know the 
processes and machinery and who could use and need the equipment. A top-
notch electronic engineer may know little or nothing about the machine tool 
industry, for example, and the other person who knows machine tools back-
wards and forwards may be completely unaware of the electronic equipment 
which is available and what it could do to help make the machine tools 
more automatic or even completely automated. 
This thought was emphasized in discussions with both engineers 
and technical sales people connected with the electronics industry. Ex-
perience has also borne out the fact that many, if not most, of the people 
outside of the electronics industry are quite uninformed of the uses to 
which electronics can be put. The converse is also true, for many tech-
nical people in electronics have had little experience outside of their 
chosen field. 
Several additional comments not directly related to the last 
question were also given, both at this point and in letters accompanying 
the questionnaire. A few admitted to being puzzled as to just what was 
meant by automation and well they might for, as has been show.n earlier, 
there is no universally accepted definition of the term. Most of the 
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people who answered the questionnaire did, however, seem to get the "feel" 
of the word and what was wanted. 
Some expressed the opinion that automation as a principle is not 
at all new, that it is only a new word for the mechanization which has been 
going on for many years. The comment of one company was that they "abhor 
the concept attached to the word 'automation.'" They feel, that in spite 
of their best efforts, their products will find their way into systems 
which will be given "that awful name." 
A considerably different viewpoint was taken by one person who 
answered the questionnaire and whose comment was as follows: "Automation 
must be the salvation of American industry, both for growth in the domestic 
economy and for competition in the economics and culture and peace of the 
world.n 
D. Conclusions 
What does the sum total of all these individual questions add 
up to? 
It would seem that the majority of our young, growing electron-
ics industry feels that there is a considerable future for electronics in 
automation in industry, especially in the fields of machine tools, chemi-
cal process, and the electronics industry itself. The areas of produc-
tion, quality control, materials handling, and accounting and record keep-
ing afford the greatest possibilities of benefits. The most common bene-
fits expected are higher efficiency, more reliability and greater profits. 
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The availability of engineering is considered the most important 
requisite for entering the field of automation. T.he most useful informa-
tion would be market information, coupled with the opportunity for a mu~ 
tual interchange of ideas with the people in the industries which can 
benefit most by automation and its techniques. 
As a very limited attempt to show what electronics can do and 
the uses to which it can be put in industry1 some examples of existing 
as well as proposed applications of electronics in automation are given 
in the next few chapters. 
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IV. Mach~ne Tools 
One of the basic operations in manufacture is that of machin-
ing. Machine tools of various types and in varying degrees are used 
wherever material must be .cut, drilled, sawed, milled, shaped, or oth-
erwise operated on as a part of the production process. In the past, 
men have had to operate and control these machines, men who have often 
had to spend years learning to become skilled enough to produce parts 
whose dimensions must be kept to rigidly controlled tolerances. Sever-
al attempts have been and are now being made to take the problem of pre-
cision control out of the hands of men and place it in that of devices 
free from human error. Examples of some of these devices will show how 
electronics can be used to accomplish this result. 
A. Development 
The machinist of two hundred years ago had to rely on simple 
hand tools, mainly a file, a chisel, and a hammer. His measuring de-
vices were equally simple, usually only a wooden rule and crude calipers. 
It can readily be seen that the objects he turned out reflected the use 
of these tools and measuring devices and that he had extremely limite~ 
control over the accuracy with which the work was done. 
Various types of metal turning and cutting machines were intro-
duced in ·the late 1700's and these represented a considerable advance, 
but it wasn't until Eli Whitney brought forth the idea of the standardi-
zation and interchangeability of parts in the manufacture of muskets that 
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the potentialities of the machines were most fully realized. This con-
. * cept is basic in all the mass production methods which are now used. 
The Civil War period and the period which followed saw sever-
al advances in the introduction of both refinements and new machines. 
\Yhat is now the Brown and Sharpe Company, during this period developed 
the automatic screw machine which is used so widely in industry today 
and was.the forerunner of the other automatic machine tools which we 
presently have. 
The so-called copying or cam-following machines had been·de-
veloped for some time but it was not until after World War I that the 
contour-following machine was designed. This machine consists of a de-
vice which follows the contour of a model and transmits this information 
** by a mechanical feed-back system to th~ machine tool itself. Several 
present-day applications of this particular device use electronic feed-
back systems. 
In recent years several systems have been developed which have 
one common feature that sets them apart from both conventional hand-control 
methods and copying or tracing methods. In these systems instructions are 
given to the machine to move either the tool or the work table in any or 
all of three axes in order to cut the desired shape. Instructions are 
given by use of magnetic tape, punched tape, punched cards, wired boards 
(similar to the ones used on IBM equipment) or some similar method. 
Servomechanisms are used to control the positions of the cutting 
tool and the work table. A servomechanism can simply but superficially 
be explained as a device, in appearance much like an ordinary electric mo-
*43, p. 104 
**43, p. 108 
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tor, which will turn its shaft upon application of a voltage or, converse-
ly, upon turning of its shaft, will generate a voltage. Thus it can be 
seen that, given instructions in the form of various voltages, the servo-
mechanism will rotate and change the position of the cutting tool or work 
table to the one desired. 
B. Applications 
A very good example.of an electronically controlled machine tool 
which is fully automated is the Numerically Controlled Milling Machine de-
veloped at the Servomechanisms Laboratory at the Massachusetts Institute 
of Technology. This writer was fortunate enough to have been employed at 
the Laboratory during the main period of development of this machine and, 
although not directly coneerned with it, knew the people who were and sub-
sequently has had a continuing interest in it and its progress. 
Essentially, numerical control is supplying the machine with in-
structions in the form of numbers. Feed rates, tool paths, and limits of 
travel are represented as numbers and are fed to the machine by means of 
a punched paper tape. This tape is similar to the tape used in Teletype 
machines and is prepared by engineers and mathematicians from the origi-
nal blueprints and other specifications. Tool paths are broken down into 
straight-line segments and then translated into numbers which are coded 
and punched in the tape. Once a tape has been prepared it can be used 
over again any number of times to produce the identical shapes. 
The system itself is broken down into two parts: the machine 
and the director. The machine is composed of a milling machine, a servo-
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mechanism t.o move the table' a servo to move the cross slide' a servo. to 
move the spindle head, and the -instruments necessary to measure their 
relative position. The director is made up of the data-handling equipment 
which interprets the punched code on the tape into instructions for the 
machine. ·The data-handling equipment consists of a data-input system, a 
data-interpreting system, and three decoding servomechanisms. 
The data-input system consists of a reader with mechanical fin-
gers over which the tape runs. When a hole appears the appropriate finger 
makes an electrical contact and thus closes a register relay circuit. 
There are two of these registers for each:, llllotion to be controlled and their 
function is to store the information from the tape and later transmit it. 
The data-interpreting system synchronizes the three motions of 
the machine and sends the electrical pulses on to the decoding servomech-
anisms. 
The decoding servomechanisms take the pulses and convert them 
into voltages which are translated into rotation of a shaft. The rota-
tion of the shaft actuates a servo system which then moves the machine as 
directed. A feed-back system is employed which acts as a check to make 
. * sure that the motion ~s the one that is desired. 
An excellent example of the type of work that this machine can 
do is the job that was performed for a manufacturer of airframes. A com-
plicated wing section, replete with compound curves, was desired for an 
experimental airplane for the Air Force. Conventional methods would have 
been exceedingly complex as well as costly and time consuming. Arrange-
ments were made with M.I.T. to use the milling machine. 
*7, pp. 3-4 
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Fifteen pieces were machined, taking only six hours to mill 
each piece. Preparation of the tape took the equivalent of eight man-
weeks, but it is felt that this·time could be considerably shortened 
once people became more familiar with the problems involved and had the 
use of the best available equipment to prepare the tapes. Although on-
ly fifteen pieces were milled, any number could have been made for it 
would be necessary only to run the tape through the machine the desired 
* number of times. What makes this system extremely valuable is its flex-
ibility. Tapes can be prepared for all types of jobs and run through the 
machine in any sequence and any number of times. The machine doesn't care 
what the size or configuration of the piece is it is making, it just does 
as it is told. 
The use of numerical control is not restricted to just milling 
machines alone. Jig-borers, lathes, planers, and any number of machine 
tbols can be controlled by this technique and it is presently being adapt-
ed to other than. the original use. 
Another interesting example of an electronically controlled ma-
chine tool is that of an automatic punch press designed by the General 
Electric Company ~or punching holes in electronic chassis. The location 
and size of the holes desired are punched in code on cards or paper tape. 
The coded cards or tape are fed into a digital computer which selects the 
proper dies, positions the chassis in the proper place and then automati-
** cally punches the holes. Production models of the press are planned. 
A technique which is used in varying forms by some designers is 
*6, p. 6 
**30, p. 1?1 
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one of record-playback. In this technique, the original part is ma-
chined by conventional hand-operated methods. As the machining proc-
ess goes on a record of the .motions used to control the cutting action 
is electronically made, - on magnetic tape or some other medium. This 
tape can then be played back reproducing the machine motions originally 
made and consequently reproducing the machined piece. 
Electronic controls of all types and degrees of complexity, 
while not complete systems as have been outlined here, are used for the 
various machining operations. These include those used in the tracer 
controlled machines, table positioning systems and the like. 
c. Future Possibilities 
The preceding discussion has shown what has been done and is 
being done to make machine tools completely automatic in their operation. 
The examples given, however, show only tools used by themselves perform-
ing one operation. 
Most machining jobs consist of several operations often done by 
several different machine tools. The question arises: why not tie these 
operations together and do the whole job automatically - by automation? 
Several steps have been made in this direction. The automatic 
engine plants of the automobile companies are an ex~ple. But they do not 
embody fully the principles that would make them completely automated. 
There is no one central control which can locate an error 1n the line, 
correct it and keep the line going smoothly. 
An extension of the principles used to contrpl the single-pur-
46 
pose machine could quite conceivably be made so that a whole series of 
these machines, connected by appropriate materials handling devices, 
would compose a fully automated line. A computer could be designed to 
serve as the central control unit. 
This would be a very costly setup and even though composed of 
single-purpose machines, would be rather inflexible. Standardization of 
product and a sizeable demand would be a necessi~y. 
Probably the~iddle-of-the-road approach is the one which will 
be used in this area, as it will be in most areas. By slowly introducing 
automatically controlled machine tools at strategic locations in the line, 
many of the efficiencies of full ~utomation will be realized without the 
terrific initial capital expenditure that would be necessary for the ful-
ly automated line, for machine tools are notoriously costly. 
William Pease, former Professor of Electrical Engineering at 
the Massachusetts Institute of Technology, has given an excellent state-
ment about the future possibilities of these electronically controlled ma-
chine tools. Speaking .of the Numerically Controlled Milling Machine, 
which he was instrumentai in developing, he says: · 
ttThe performance of this M.I.T. model shows that 
fully automatic machine tools are not only pos-
sible but are certain to be developed in practi-
cable form. It is surely startling •••• to think 
of versatile machine tools which will perform any 
kind of work without the guidance of a human hand. 
The possible economic effects of such machines, 
on many industries besides metal-cutting are be-
yond prediction. Automatized general-purpose ma-
chine tools, combined with high-production special-
purpose tools, would make possible the automatic 
metals~fabricating factory. Nor are we restricted 
to metals. With digital machines in control we can 
conceive of factories which will process, assemble 
and finish any article of manufacture. 
"It is unlikely that the automatic factory will 
appear suddenly. 1Like the machine tool itself, 
it will j~st grow by steps unt·il eventually it 
is here.n 
*48, pp. 114, 115 
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V. Computers 
The mention of the use of a computer in industry to many peo-
ple brings forth a vision of a completely automatic factory, nearly de-
void of human life, producing objects at a fast rate, completely con-
trolled by a .,giant brain" which can .. think" and perform computations 
almost beyond the realm of imagination. At the present time, at least, 
this concept appears to exist only in the fairly distant future. 
Excellent use of computers has and is being made in industry. • 
The use of them in the manufacturing process has been quite limited, how-
ever, and it is felt by some people in the field that this will undoubt-
edly be the case in the future. Many manufacturing processes are so sim-
ple that a much less complex system of control will be adequate, and to 
use a computer wo~ld be excessively costly. Conversely, some manufactur-
ing processes are thought to be too complex for the practical application 
* of a computer. . 
The area of industry that has made greatest use of computers is 
the one of data processing. Applications have included cost accounting, 
payroll preparation, production control, inventory control, material ac-
counting, and a host of others. ·In addition to the use~ in the more or-
dinary business sense, various statistical applications, and mathematical 
applications in research and development have been made. 
A. Terminology 
Before becoming too deeply involved in the exploration of the 
* 17, p. 39 
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uses and possibilities of computers, it might be well to familiarize our-
selves with some of the terminology used and to find out what computers 
can do and what their limitations are. 
First and foremost, to call a computer a "brain" - giant, me-
\ 
chanica!, electronic, or otherwise, is not entirely correct for a compu-
ter cannot think. True, it has a memory and can make computations, but 
it must always be told what to do by some human being. 
1. Types 
Basically, there are two types of computers, analog and digi-
tal. An analog computer measures and its greatest use is found in the 
areas of science and engineering. The military has made great use of 
analog computers in its research for defense, in addition to primarily 
civilian uses that have been made of them. A digital computer counts, 
and thus can perform the basic functions of mathematics of adding, sub-
tracting, multiplying and dividing. Most computers used in business are 
of the digital type and the following discussion will deal only with this 
type. 
2. Components 
A computer is composed of the following components: an input 
section; a computing section consisting of a control unit, an arithmetic 
* unit, and a memory unit; and an output section. Chart XI shows a block 
* 5, p. 40 
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diagram of a computer. 
Many computers are now designed so that they can use one or 
any combination of input devices. Some of the more common computers 
use: sensed and punched cards, perforated paper tape, electric typewrit-
ers, key actuated tabulating punched cards, and magnetic tape. Original 
information is converted into one of these forms so that it may be used 
by the reading device. Punched cards may be read at the rate of 250 per 
minute or 325 characters per second, pape~ tapes up to 1 1 000 characters 
per second, and magnetic tapes up to 561 000 characters per second.* 
A most important part of the input section is the console or 
operating keyboard. This permits giving instructions to the computer not 
only at the start but also at any time during the cycle, either to change 
directions or to add additional information. 
The function of the control unit of the computing section is to 
interpret the instructions of the problem and schedule the sequence of op-
erations. This is accomplished by means of various electronic circuits 
or wired panels, va~ying with the make of computer used. 
The arithmetic unit performs the processes of addition, subtrac-
tion, multiplication and division, and also can be used to make compari-
sons. The basic element of the arithmetic unit is the "flip-flop" cir-
cuit which can most easily be described as an off-on switch. An electri-
cal pulse will change it from an off position to an on position. Another 
pulse will change it back to the off position, and in so doing it emits a 
pulse of its own which activates the next circuit, and so on down the line. 
By various combinations of groups of these circuits, the computer is able 
* 5, p. 41 
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to perform the functions desired. 
The memory unit of the computing section is used to store in-
formation until it is needed in the computing process. Several types 
of devices are used1 some of the more common being vacuum tubes, magnetic 
. 
drums, magnetic tapes and magnetic cores. Size of the memory and the 
speed with which information may be obtained are closely related,. and one 
is sacrificed at the expense of the other. Magnetic cores permit easiest 
and quickest access but, because of space and other limitations, do not 
provide storage for much more than several hundred thousand characters. 
Magnetic drums can store several million characters but are not so acces-
sible. Magnetic tapes can hold an almost infinite amount of information 
but are the least accessible of the three methods, especially when random 
* information is desired. 
In addition to the main memory unit, additional memory units are 
sometimes used.to store in-process information and to compensate for the 
waiting times between operations and the different speeds of operations 
of the various sections of the system. 
The output section of the computer has the main function of con-
verting the results of the computations into a form or forms which may be 
used by management. Many times output is in an intermediate state which 
can be stored for future use - punched cards, paper tape or magnetic tape. 
High-speed printers have also been developed which will give output infor~ 
mation in a finished form directly. Intermediate forms can be connected 
directly with standard types of printing devices such as Flexowriters and 
electric typewriters. 
*3, p. 134 
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Before a problem can be run on a computer, original information 
must be converted into a form usable by the computer and a specific set 
of instructions for that particular problem must be formulated. This proc-
ess of preparing for computation is called "programming.'' 
The pro~lem is first analyzed to determine its exact nature, 
what its components are and what the desired end result is. After the 
analysis has been completed, the information must be coded into a form 
which can be understood by the computer. The program, or sequence of op-
erations which the computer must perform to solve the problem, is now for-
mulated·. 
It is in programming that often a stumbling block appears. The 
programmer must be a person of good capabilities, who understands mathe-
matics and at the same time be somewhat familiar·with the problems at hand 
so that he fully understands what he is trying to do and what results are 
expected. Rather than try to familiarize the technical person with the 
problems, the tendency has been to train the person who is familiar with 
them how to program. Many of the companies who build computers provide 
training services to help accomplish this. 
Management must also realize that, in addition to the problem 
of finding the proper personnel to do the programming, the process itself 
is a very time-consuming and thus costly one. Programming is usually spo-
ken of as taking not so many hours or days but of taking so many man-months 
or even man-years, if the problem is at all complex. Of course, once a 
problem is programmed, provided the elements of the problem do not change, 
the same problem with different values can be run through the computer in 
very short order as many times as necessary. It can readily be seen, how-
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ever, that the cost of programming can quite possibly outweigh the bene-
fits gained from the speed of the computer. 
B. Applications 
As mentioned previously, the field of data processing is one 
in which several successful applications of computers have been made. 
A discussion of some of these ought to help make clear just how computers 
may be used for this purpose. 
A few years ago John Plain & Co.; a Chicago mail-order firm, 
had installed an inventory control system built especially for them by 
Reming~on Rand, Inc. The.basic problem to be solved was this: over 
s,ooo different items were sold by catalogue through approximately 1,000 
sources. Orders received varied from less than 2,000 per day during the 
slack season to over 15 1 000 per day in the busy holiday season. Inven-
tories necessarily fluctuated widely and while the company did not want 
to overstock, it did have a policy of quick delivery. Women clerks tal-
lied up orders daily by catalogue number and a total was made weekly, 
During the rush season, several extra clerks were hired but even this 
did not prevent th~ reports from being up to two weeks behind. In addi-
tion, many errors usually accompanied the late reports. 
The computer is fed information by ten operators using what a-
mounts to adding machines. A magnetic drum is used for the memory de-
vice, with a capacity of 39 1 000 bits of information. Upon receipt of an 
order, the operator taps out the quantity ordered and the catalogue num-
ber of the item on her machine. A built-in error device gives a warning 
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if a non-existing catalogue number is used. A search of the 'rapidly re-
volving drum is made until the correct catalogue number is found, the 
stock total and daily sales total are removed and placed in a holding cir-
cuit, the arithmetic unit performs the subtraction and addition necessary, 
and the new totals are entered on the drum. The entire sequence of oper-
ations takes no more than two-fifths of a second. 
90,000 such operations can be performed in one day, and at any 
time an operator can pick out the sales total of an item for inspect~on. 
Multiple sales information is prepared and stored on paper tape. 
In order to maximize the usefulness of the system, at night a 
complete report on every one of the s,ooo items is automatically run off. 
The previous hand system would have used the services of 150 clerks to do 
* the same job and not so accurately either. 
Another application, this time using a Remington Rand Univac, 
is that of figuring out interest due on mortgage and policy loans for the 
National Life Insurance Company of Vermont. Additional uses include cal-
culating quarterly dividends, accumulated dividends held on deposit, fig-
uring dividend rates, and many others. Special statistical studies have 
also been made which would have otherwise not been possible. 
Pretty nearly all of us are familiar with telephone bills and 
the little slips of paper attached to them which give information about 
any toll calls which are made. This is the end result of a series of op-
erations performed by the Automatic Message Accounting System. With this 
system, direct dialing of long-~istance calls will soon be possible to 
all sections of .the country. Information as to point called, station used, 
*44, pp.2-3 
and length of call is all obtained and recorded automatically, and the 
final bill is compiled and printed also. 
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People don't usually consider themselves material, but to the 
new computer-controlled operatorless elevators, which are in essence ma-
terials handling devices, that is exact~y what they are. The elevators 
adjust themselves automatically to the varying load conditions and give 
better service at much less cost, there being no operators' salaries to 
* pay. 
The examples given have all been more or less simple ones, as 
well as being somewhat specialized cases. To show what a computer can 
do with a more complex problem, the following hypothetical but perfectly 
feasible illustration is given. 
The problem at hand is that of figuring out a weekly cost dis-
tribution and pay roll. Job cards are filled out daily, using the mark-
se~sing method, checking off the jobs by the numerical codes assigned to 
the jobs. Each job card also has space for the employee's clock number, 
time spent on each job, and the date. The job cards are then fed into 
the card-sensing and punching unit which punches the cards. The cards 
are then fed into the card to tape convertor which puts the information 
on magnetic tape. 
Tapes are also prepared from the clock cards which could also 
be mark-sensed by the time clock, or printed in the usual manner and then 
punched onto cards by manual methods. 
Previously, instruction tapes have been prepared which contain 
the pay roll information for each employee necessary to compute the pay 
*6, p. 5 
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roll, such as hourly rate, number of dependents, and various deductions. 
There would be room on the tape for considerably more than pay roll in-
formation but at present we are concerned only with that. 
In addition, tapes have been prepared which give coded instruc-
tions for getting the information on the job cards into proper order, and 
also to get the information on the clock cards into proper order. 
The magnetic tapes containing the coded instructions for the 
job cards plus the tape of the job cards themselves are now fed into the 
reading device. The computer now follows the instructions and puts the 
job card information into the proper order and stores this information 
on another magnetic tape. This operation is repeated for the clock card 
information. 
The next step is to place the coded pay roll instructions tape 
and the coded labor distribution tape in the reader together with the now 
properly sequenced clock card and job card tapes. The computer now proc-
esses the information and in so doing checks the job card tape against the 
clock card tape for total hours worked by each employee. 
The computer, in processing the information, figures out each 
employee's pay check and puts this information on a tape, figures out the 
pay roll register and puts this on a tape, and figures out the labor dis-
tribution, in hours and dollars, by job, and puts this on a tape. 
Each resulting tape is then fed into the output section which 
in this instance contains a high-speed printer which prints the pay checks, 
the pay roll register, and cost distribution from the respective tapes. 
Any other information which is deemed necessary can be obtained in the 
same way. The coded instruction tapes are put aside for use the next week. 
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This rather simplified explanation does not begin to show the 
possibilities inherent in the use of the computer. But it does give some 
idea of the speed with which information can be supplied to·management 
for, after the original time spent in programming, the weekly exercise 
described would take only a matter of hours, whereas it would take days 
if done by conventional methods. 
A striking example of the use of computers is shown by the Gen-
eral Electric Company. As of October 1955 they had 121 computers in use, 
83 used for engineering and research prorlems, and 38 for various appli-
' 
cations in data processing. 'In addition~ plans have been made to acquire 
* 23 more, 4 for engineering and research, and 19 for. data processing • 
• 
*4, p. 13 
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VI. Assembly of Electronic Equipment 
It is in the assembly operation of manufacture that many peo~ 
ple see the greatest use of automation techniques. Instead of a long as-
sembly line of hundreds of workers, some people feel the future portends 
a line of operatorless machines busily taking in raw materials or compo-
nent parts at one end and spewing out ~inished products at the other end. 
If a fully automated assembly line, such as this, is to become 
a reality, methods of control will be necessary. There will be extensive 
use of electronic equipment in the control systems used, and much more of 
this equipment will be necessary than is being used today. 
Not only will greater production of electronic equipment be nec-
essary to meet industry•s needs but the need of the military has been in-
creasing by leaps and bounds to the extent that the military services to-
gether comprise the largest single customer for electronic equipment to-
day. In the event of a war the need would be enormously greater and would 
place a severe strain on the productive capacity of the electronics indus-
try. 
It is becoming increasingly evident that the only sure way to 
meet this need would be by automatic assembly methods with the end goal 
a fully automated assembly line. Several approaches to this subject have 
and are being made and examples of some of these will show how automatic 
and later automated assembly techniques can be used. 
\Vhile the examples given are those of assembling electronic 
equipments, the principles involved and the use of controls are the same 
as would be necessary in the assembly of any other item. 
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A. Hand Methods 
The method of assembly which is used in the manufacture of most 
electronic equipment today is little changed from the methods used in the 
past. These methods evolved in the laboratory and were transferred to 
the production floor with very little change in the basic techniques used. 
Conventional assembly methods are as follows: A metal chassis, 
usually in the form of an open-sided box, is first made. Holes to receive 
the various components, such as tube sockets, transformers, etc., are 
punched or cut in the chassis, and holes to receive wires and other compo-
nents are drilled. The components must then be mechanically attached to 
the chassis by use of screws and nuts, spring clips, riveting, spot weld-
ing, or some other such method. 
The actual wiring of the equipment must now take place. Compo-
nents such as resistors and most capacitors are usually made with their 
own wire leads. These leads must be mechanically attached to other leads 
or terminals of some sort, whether of another component or a terminal strip 
or board. To ensure a good electrical connection, these mechanical connec-
tions are then soldered. This is accomplished by holding a heated solder-
ing iron or gun to the connecting joint until the connection itself gets 
hot enough to melt the solder and cause it to flow around the joint. 
Lengths of wire must be cut to proper size, the insulation 
stripped off the ends and the ends tinned to ensure a proper bond when sol-
dered. These wires must then be placed in the chassis and connected to 
the proper points to complete the circuit. These connections must also 
be soldered to ensure good electrical connections. 
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All components are not usually wired in at one time nor are all 
wires connected at one time but, rather, components and wire are added as 
necessary. This technique can result in a maze of wire and components, 
especially if point-to-point wiring is used. A simple illustration, Di-
agram XII will show this. 
Not only is this type of construction wasteful of time and mo-
tion, but serious loss of c~mponents or faulty equipment can result. Ex-
cessive heat from a soldering iron can either destroy a component com-
pletely or change its electrical characteristics so much that the circuit 
is rendered useless. Capacitors of the tubular type are often impregnated 
with wax which will melt if too hot and either destroy the capacitor or 
put wax over everything, - possibly causing a poor electrical connection. 
Insulation on wire may be destroyed if too hot and can cause short cir-
cuits. 
If a connection is made by allowing the heat of the soldering 
iron itself to melt the solder, and not the heat of the connection, what 
is known as a "cold joint" or "resin joint" may result. Solder is com-
posed of tin and lead and is used in conjunction with a resin flux which 
helps the solder to flow smoothly and form a good bond. If the resin gets 
between the wires making the connection, this ncold joint" results in a 
poor electrical connection. This may be difficult to detect visually, and 
not until the circuit is connected up to a voltage or otherwise electrical-
ly checked may the trouble be found. 
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' Diagram XII 
POINT TO POINT WIRING 
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B. Automatic Methods 
Equipment to produce this kind of assembly by automatic meth-
ods could have been designed and built but the inherent disadvantages 
would still remain. Instead, new techniques were developed keeping in 
mind what the desired end result was, i.e., an electronic circuit which 
would perform a certain function. The physical characteristics of the 
circuit were not the prime criteria. 
The basis of the new techniques was the use of the printed cir-
cuit around which the physical design of the equipment centered. Printed 
circuits in one form or another have been around for some years, but not 
until after World War II was much interest evidenced in them. 
A printed circuit consists primarily of an electrically conduc-
tive pattern applied by some method to a flat surface. Photo-etching is 
very commonly used, where a photograph of the circuit is imprinted on the 
metal-plated surface of a plastic insulating base. Excess metal is then 
removed by etching. Another layer of insulating plastic is then laminated 
to the base to form the completed circuit. Silver a:nd copper are lJle met-
als most commonly used. 
Printed circuits may also be formed by stamping out the desired 
circuit pattern from very thin metal foil. The foil is made to adhere to 
the plastic by one of several methods. Then another layer of plastic is 
placed over the foil-covered base and the whole bonded together. Another 
method of wiring printed circuits is to take lengths of tapes covered with 
a conductive material on one side and with an adhesive on the other and 
then place the tape in the desired pattern. This is also covered with 
another layer of plastic and laminated. This last method uses a great deal 
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more hand labor than the others. An example of a printed circuit may be 
seen in Diagram XIII. 
Holes are drilled wherever necessary so that leads of components 
may be inserted or other mechanical connections made. Leads are clinched 
to the underside of the board to make a fir.m mechanical connection. 
Soldering is accomplished by dipping the underside of the com-
pletely assembled board into a container of molten solder. This ensures 
uniform. soldering of all joints and is quicker and less costly than con-
ventional harid soldering methods as all joints are soldered at one time 
and less solder is used. Because the board is only in contact with the 
solder for a short time there is much less chance of damage to the com-
ponents by excessive heat. 
Components may be inserted by hand but this doesn't really u-
tilize to the fullest the advantages of the printed circuit. Machines 
have been designed which will take the components, insert them into the 
board, clinch the ends, and some will even dip-solder the boards. 
Three different types of construction by automatic methods, 
using the printed circuit, are presently being either actively used or 
investigated. The three types are: 
(1) assembly of components on a flat board; 
(2) modular construction such as was used in 
Project Tinkertoy; and 
(3) the so-called catacomb structure. 
The Dynasert machine, designed and manufactured by the United 
Shoe Machinery Corporation, is an example of the flat-board assembly type. 
Seven of these machines are presently installed and are being used for 
* commercial assembly of electronic equipments. 
*55, p. 11 
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Diagram XIII 
• • 
• • 
PRINTED CIRCUIT 
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The printed circuit boards are conveyed along a series of ma-
chines which insert one component each. The boards are placed in pal-
lets which assure correct positioning of the board at all times. Each 
machine has a head which is mechanically positioned beforehand so that 
the component always lands in the right spot. The head takes the com-
ponent, bends the leads at the right place, inserts it in the holes, 
cuts off the ends to the desired lengths and clinches the ends. Com-
ponents are packaged by inserting the leads in tapes, giving an endless 
ladder effect. The tapes are then wound on rolls which are placed on 
the machines where they are fed into the heads. 
. 
As many as forty-four machines have been hooked together in 
a single line. The manufacturer claims very high reliability for the 
machine. When something does go wrong, the machine stops automatical-
* ly and warns the operator who mast correct the trouble, 
Similar machines hav~ been built by other companies, - General 
Mills, Inc. with its Autofab, and Sylvania Electric Products, Inc. with 
its machines are examples. 
A variation of the flat-board technique is in the use of a 
single-headed machine which will insert one at a time several different 
components. To do this, a 11program11 must be figured out and coded on 
cards or tape. The program directs the machine to insert components in 
a specified order and in specified places. One difficulty of this ma-
chine is that all components must be similar in physical size and shape, 
and this is not generally so. The use of a program is, however, a step 
towards a more automatic machine. This tYP~ of machine would be more 
*55, p. 15 
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feasible for short runs than those mentioned previously. 
The second type of construction is the modular or Tink~rtoy 
type. Project Tinkertoy is the code name of an industrial preparedness 
program in production research for the Navy Bureau of Aeronautics, which 
was conduct~d under the auspices of the National Bureau of Standards. 
Several companies participated in the program. 
Ceramic wafers, assembled in stacks, or modules, form the basis 
of the construction. The ceramic wafers are printed with silver paint 
for a conductor. Resistors, capacitors, tube sockets and other components 
are attached to the wafers which are then connected together by means of 
riser wires ·which are soldered to the wafers at appropriate points. 
The module was designed so that it could be assembled by hand 
methods alone, by automatic machine methods or a combination of both. One 
concept was to start with many of the components in the form of raw or 
semifinished materials, and then print circuits, add resistors, capacitors, 
and other components and then assemble the modules, all in one long auto-
* matic production line. 
As part of the over-all program, a study was made to determine 
the costs of producing a piece of electronic equipment by conventional 
methods, by Tinkertoy hand methods, and by Tinkertoy machine methods, and 
thus get a chance to compare them. From this comparison it was hoped that 
the advantages of automatic machine methods would become quite evident. 
Definite specifications as to size of production run, wage rates, etc., 
were laid down and everything was made as standard as possible for the 
three methods. 
*5~, p. 101 
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Diagram XIV 
MODULE 
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The results are shown in Table XV. While the Tinkertoy machine 
method was, on the whole, the least costly, some of the operations in it 
proved to be more expensive than hand methods. A combination of the two 
methods would result in even lower over-all costs. 
The third type of construction is the cat~comb type. In this 
method the components are sandwiched in between two printed circuits. The 
components are inserted into holes in the plastic filler and the leads are 
vibrated into the holes of the printed circuits. The circuits are then 
dip-soldered and the excess leads removed. While the cost of the machin-
ery necessary to build this type of construction is relatively inexpensive, 
other factors, such as limited versatility and difficulty in replacing de-
* fective components will probably limit the use to which it is put. 
c. Standardization 
One of the difficulties in designing and using automatic methods 
for assembly of electronic equipments is one that faces any assembler of 
items into an end product. The standardization of components in designs 
which are readily acceptable by automatic machinery has been a problem 
which has been under considerable investigation. 
The electrical characteristics of some components are in some 
ways dependent upon their physical size and shape. The component manu-
facturer must keep these limitations in mind when designing the components 
for machine use. The diameter of the wire leads used varies considerably 
also, making it difficult to determine the size of holes to be drilled in 
*57, p. 67 
Table XV 
I F Amplifier Comparative Costs 
Direct Mfg. 
Method Materials Labor O.H. Totals 
Conventional $35.85 $5.60 $5.44 $46.89 
Tinkertoy Hand 20.56 5.99 2.27 28.82 
Tinkertoy Machine ~0.56 2.83 2.86 26.25 
Source: Project Tinkertoy - Manufacturing Cost Determination Summary 
Report. Mead Carney and Company, Inc., Management Consultants: New 
York. p. 30' 
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Diagram XVl · 
CATACOMB 
the printed circuit boards. 
• 
Associations, such as the Radio-Electronics-Television-Manu-
facturers Association, are constantly working on these and other prob-
lems in an attempt to bring standardization to the industry. 
72 
Perhaps the biggest problem facing the electronics manufactur-
er is the one of short-run production. Most equipments built for the 
military are ordered in relatively small lots and because of the extreme 
necessity of keeping abreast of the technological advances in electron-
ics, changes in the equipment are always being made. The manufacture of 
commercial items, such as television receivers and radios, is a somewhat 
different story for there is a mass market for these items. Cabinets can 
be changed to meet new and rapid demands in style but the chassis can be 
kept pretty nearly the same. 
To meet these two types of demands, the automatic equipment in 
a fully automated line will have to be quite flexible. 
D. Future Possibilities 
So far, most of the automatic machinery designed for assembly 
of electronic equipment has not embodied all the principles of full au-
tomation. The machines are usually individually controlled and just con-
nected by materials handling devices. Feedback is used very sparingly 
and the most a machine can do when it makes an error is to stop until some 
operator comes along and rectifies the mistake. 
The electronics industry has a fertile field in itself in which 
to make use of all the automation techniques. The use of a comput~r as a 
central control and the use of feedback systems to provide error infor.ma-
73 
tion will enable it to achieve the end results of fully automated methods. 
By putting electronics into automation, it will be possible to put auto-
mation into electronics. 
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VII. other Uses of Electronics 
Preceding chapters have given information abou~ and examples 
~ 
of, the use of electronics in the fields of machine tools, assembly, and 
computers. It would be well-nigh impossible to discuss all the uses el-
ectronics has in automation and automatic control, but several applica-
tions have been made in the last few years which show the extremely wide 
and diverse areas in which electronics can be useful. Most of these ap-
plications are not completely automated systems, but rather indicate th~ 
. . 
steps being taken in that direction. They emphasize the use of modera-
tion in the approach to automation and the fact that components of a com-
plete system may be added at various times until eventually a completely 
automated system does exist. In this way a large degree of flexibility 
may be obtained, as well as many advantages of automation as the elec-
tronic components are added. 
A. Transportation Reservations 
Probably very few people give a thought to all the internal com-
plications involved in making a reservation on an airplane or train or 
other means of transportation. Upon receiving a request, the reservation 
clerk must check to see what, if any, space is available. Usually he must 
call some central clearing point, for he would be one of many clerks in 
several cities, to find out the desired information. If space is avail-
able, the passenger then decides what accommodations he wants and the clerk 
must transmit this information back to the central point for posting and 
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to keep the records up to date. 
This process takes some little time and involves at least two 
clerks in every transaction. While conversations are being made, some 
one else may reserve the space, and at times of stepped-up activity, such 
as shortly before a departure time, it is quite possible to oversell the 
existing space. 
To overcome these and other difficulties, a device called the 
ttMagnetronic Reservisor" was designed by the Teleregister Corporation for 
one of the leading airlines. The heart of the device is a magnetic stor-
age drum such as is used in the memory section of a computer. 
lVhen asked for a reservation, the clerk simply presses the ap-
propriate buttons on a control panel which is connected to the central 
memory, and information about availability or nonavailability of space is 
immediately relayed back to him. If the space is desired, he simply push-
es a button and that space is automatically removed from the available list 
and placed on the sold list. A relatively few seconds are all that is nee-
essary to complete the transaction. 
The Reservisor not only speeds up the process of reservation mak-
ing, but it is able to handle inquiries from 120 clerks with little delay. 
Plans for future equipment include handling many more clerks, and from dis-
tant areas also, and a system for the railroad companies with much larger 
memory and the capability of storing reservation information up to six 
* months in advance. 
*55, p. 36 
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B. Materials Handling 
Much has been accomplished in the introduction of automatic 
methods in the area of materials handling although there is still con-
siderably more to be done before it is fully automated. As was pointed 
out in the questionnaire, this area is one in which many benefits are ex-
pected. The example of the operatorless elevator given previously gives 
an excellent illustration of what can be done. 
rehe automatic removal of material from the production line and 
then the automatic storage of it in warehouses, as is now being done in 
many plants, is well illustrated by the systems used by the Lever Broth-
ers Company and the Heinz Company. 
In the Lever Brothers system, the output from 18 produ~tion 
lines, 12 of hard soap products and 6 of spray products, is carried some 
800 feet between the production area and warehousing area. The output of 
the spray products converge on one conveyor and the output of the hard 
soap products on another. 
At the warehouse the cartons are automatically sorted by having 
photoelectric cells scan each carton for an identifying mark which is im-
printed at the same time as the advertising. ·.It is possible in the sort-
ing process of the spray products to selectively deflect cartons onto con-
veyors which will take them directly to the shipping platforms. 
Those cartons not sent to the shipping platforms are separated 
into six lines and sent to the automatic pallet loading machines. While 
on this line they are automatically turned on their sides to give a low-
er center of gravity to the load and thus it~is a more stable load. The 
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pallet loaders automatically load the pallets and then place them in po-
sition for another automatic conveyor to pick up the pallets, carry them 
down to a lower level and deposit them on a storage conveyor. At any 
point in the system a fork truck can be used to remove cartons or pallets. 
The hard soap products are not automatically palletized because 
of various reasons such as size, variety and volume. The cartons are sep-
arated automatically into three lines but then are palletized by hand.* 
The Heinz Company handles its system a little differently. Not 
concerned with lack of space near the production area, cartons are tempo-
rarily stored after each production line. When a sufficient quantity of 
a product has accumulated, a batch of cartons are sent over a central con-
veyor to the palletizing area where they are automatically loaded and sent 
to the storage area. A dispatcher is used to control the system by means 
of remote controls and relays, but it would be quite possible to replace 
this man with more automatic controls and thus make the line completely 
** 
automatic. 
Another very good example of automatic materials handling is 
that of the Coca-Cola Company. Empty bottles are unloaded onto a convey-
or at the shipping platform and not until the filled bottles are brought 
back to the platform by a return conveyor are they handled and then only 
to be loaded on the trucks. The bottles are cleaned, sterilized, pres-
sure tested, filled, capped and inspected automatically. Until recently, 
inspection was mainly done visually, with the bottles passing before an 
*55, p. 40 
**ibid. 
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illuminated area. An operator h~d to watch each bottle as it went through 
£or foreign objects tha~ might be present and also to make sure the bottle 
was £ull. This ver~ tiring, monotonous job has now been replaced by a se-
ries of photoelectric cells which are very accurate and dontt mind the mo-
notony. Visual spot-checks may be made as required. This type o£ inspec-
tion is used very £requently wherever transparent containers are £illed. 
c .. Inspection and Control 
The use of photocells and similar devises in inspection and al-
so control is becoming more prevalent all the time. The detection of mi-
nute pinholes in the rolling of cold steel strip is made possible by plac-
ing a high intensity mercury vapor lamp on one side of the strip and sev-
eral photocells on the other. A hole as small as one millimeter in diam-
eter will cause corrective action to be taken, which often consists of 
automatically cutting out the defective section. 
T.he width and thickness of hot rolled steel can also be control-
. led by the use of a combination of photoelectric cells and x-ray equipment. 
To control width, two photocell scanning units are positioned over the 
steel strip edges. The infrared rays radiated from the hot strip are 
sensed by the tubes and a difference in density of heat radiation, caused 
by a difference in width, will activate the photocell circuit and warn the 
operator. Side slippage of up to three inches is ignored because of the 
balanced design of the circuit. 
To control the thickness, a source of x-rays is placed on one 
side of the strip and a sensing device on the other. As long as the den-
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sity of the x-ray radiation remains within the limits set, no action will 
be taken. If the strip changes in thickness enough to substantially al-
ter the radiation, an error signal will be sent back to the operator by 
means of a servomechanism circuit. He then adjusts the pressure or speed 
of the rollers accordingly. Eventually it is planned to feed the error 
information directly into the control system and thus eliminate the need 
for the operator, at least in this capacity. 
Radioactive materials are also used in control devices in this 
and similar ways. In the manufacture of paper, the thickness can be con-
trolled by measuring the radiation of some radioactive substance with a 
Geiger counter which will actuate controls or give warning when conditions 
warrant it. 
In the handling of materials, such as various oils and gasoline, 
or other liquids, radioactive tracer elements are finding increasing ac-
ceptance. Oil of various grades and types are often sent through the same 
pipeline. A uslugn of one type is sent through, immediately followed by 
a "slugtt of another. To know when to divert the flow of the material at 
the proper time is made simpler by injecting a small amount of tracer el-
ement into the last part of the material presently flowing through the 
line. A Geiger counter will detect the radiation and give warning to the 
valve operator to take the necessary action. 
In those manufacturing processes using materials in bulk form, 
control of the materials used is often obtained by use of remote weighing 
devices. These devices use a combination of two variables, speed of the 
conveyor on which the material is being carried and the load on the con-
veyor to obtain a total weight figure. The use of these controls ranges 
80 
from recording the quantity of coal received and $Ubsequently used by a 
power station to a complex control system for very accurate control of 
a chemical proce$$. 
Lightweight materials can be handled as readily a$ heavier ones. 
The control of the compo$ition of a blend of tobaccos is easily obtained 
by remote weighing means, ·and a running total of the amount of each to-
bacco used as well as total tobacco used is automatically recorded. 
The whole process of manufact~ing cigarettes is one of automat-
ic controls. The cigarettes are automatically made from the automatically 
blended tobacco and then are automatically packed into the familiar 20 cig-
arette pack. The packs are automatically wrapped with cellophane and af-
terwards packed in cartons which are in turn packed into cases. ~ese op-
eration$ are not directly connected with each other, there being several 
manual handling steps involved. Complete automation of this already highly 
mechanized process should not be too difficult at all. 
An interesting application where the use of remote weighing de-
vices was considered, but later discarded in favor of another electronic 
device, is found in the filling of cans of detergent. AccUrate control 
of the amount of fill was desired an~whiie this could be accompli$hed by 
weighing methods, a relatively slow production line speed would be neces-
sary. The opaqueness of the cans precluded the use of photoelectric cells 
as in the case of the Coca-Cola Company. An x-ray device was designed 
which sends a narrow beam. of x-rays through each can onto a detection cell. 
If the can is not filled accurately, a rejection mechanism pushes the can 
off the conveyor belt to another conveyor which takes the rejects to a cen-
tral point where they may be visually examined and properly disposed of. 
The use of x-rays to control fluid levels in opaque containers is now 
* used in many industries, the brewing industry being a prime example. 
D. Refining 
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As was noted previously, the refining industry is one in which 
considerable progress has peen made in making the process more and more 
automatic. Usually a combination of electronic and pneumatic controls 
is used to control the process but recently an all-electronic process 
control system was installed in a large catalytic reformer unit. This 
was done only after a rather intensive investigation of the possible ad-
vantages an electronic control system might have over the pneumatic one. 
The :following were considered to be the most important advantages: 
(1) Reliability in cold climate' 
(2) Elimination of complex tubing installa-
tions and racks 
(3) Increased flexibility in multiple in-
stallation 
(4) Increased sensitivity 
(5) Instantaneous transmission 
(6) Ease of maintenance 
(7) Interchangeability of components 
(8) Elimination of moving parts and orifices 
(9) Excellent control stability 
Instruments, together with their feedback systems and controls 1 
were installed to measure and control temperature, pressure and flow. The 
central control console was located at a remote point completely out of 
the hazardous area of the refinery, which simplified construction and wir-
ing problems. 
The initial installation was somewhat more expensive than a pneu-
*17, p. 65 
matic system wou~d be, but reduced maintenance and replacement costs, 
better control of quality, and less downtime are e3Pected to more than 
* offset this difference. 
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These are just a few of the applications of electronics which 
have been made in the field of automation and automatic control. Many 
more examples could be given but these should suffice to show how elec-
tronics can be used in a control system to sense, record and control, 
and regulate. 
*17, pp. 67-71 
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VIII. The Electronics Industry and its Future 
A. The Realm of Electronics 
It is extremely difficult to obtain accurate and reliable in-
formation and statistics about the size of the electronics industry, its 
sales, employment, and growth, and frequently two independent sources 
will give entirely different reports about the same topics. Much of this 
confusion results from the inability to define exactly what products or 
processes fall in the realm of electronics. The Department of Commerce 
uses the over-all classification "Electrical Machinery," with several 
subdivisions, in an attempt to obtain the necessary information. Broad-
ly, the electronics industry can be said to consist of those companies, 
or parts of companies, in the over-all electrical industry which are not 
directly involved in the manufacture of electrical power and its conver-
sion into heat, light, and mechanical power or in the manufacture of those 
products whose main function is conversion. 
lhe electronics industry itself can be broken down into the fol-
lowing main product classifications which, while.not all inclusive, con-
* stitute the bulk of the industry: 
(1) Receiving tubes 
(2) Military equipment 
(3) Household products 
(4) Commercial products 
(5) Components 
The relative importance of these products to the over-all industry is 
*53,. p. 71 
shown in the accompanying table XVII. 
An interesting report on the industry and some estimates of 
its future growth has been made recently by the Sylvania Electric Com-
* 
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pany. Total sales for 1955 are estimated at $10 billion, and an increase 
to $10.8 billion is seen for 1956. By 1960, the forecast is for volume 
to exceed $15.6 billion and by 1965 the expectation is for sales of $22 
billion. In other words, the industry is expected to double in the next 
ten years. 
Sales of products for industry and commerce, which include those 
products which will be used in automation, are estimated at $670 millio~ 
for 1955 and in 1956 a volume of nearly $800 million is expected. 1960 
should see sales of $1.2 billion and in 1965 a volume of $1.9 billion is 
forecast. Thus, while the industry on the whole doubles, this segment is 
expected to treble in volume. A graphic presentation of this is show.n in 
Table XVIII. 
The largest single customer of the industry is the military, 
and it is expected that this will continue to be the case in the foresee-
able future. During the Korean War period, from July 1, 1950, to June 301 
19531 'of a total of $98.7 billion in contracts awarded by the Department 
of Defense., the electronics industry received $12.8 billion of awards. 
ln the eighteen months following, the industry received awards of over 
$2.0 billion out of a total of $16.4 billion in contracts. In the twelve 
months of fiscal 1955, it is estimated that $1.9 billion was awarded. 
** Fiscal 1956 is expected to show awarqs of $2.4 billion, and the'years fol-
*35, p. 8 
*33, pp. 14-15 
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Table XVII 
The Electronics Industry by Major End Products 
Estimated Annual Value of Factory Sales 
(millions of dollars) 
End Products 1940 1944 1947 1953 1960 (est.) 
Receiving Tubes 40 350 95 435 750 
Military Equipment 300 4,600 400 3,400 5,000 
Household Products 300 25 800 1,675 3,750 
Commercial Products 25 100 150 425 1,250 
Components 100 900 350 1,100 2,000 
Total 765 5,975 1,795 7,035 12,750 
Source: TELE-TECH and Electronic Industries, July, 1954 
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lowing should show increases above this amount. 
Research and development plays a large part in the electronics 
industry, and a report recently released by the National Science Founda-
tion gives some interesting facts about this important phase of the bus-
iness. In 1953 all industry in the United States spent $3.7 billion on 
research and development~ Of this total, the electronics industry spent 
some $778 million or more than twenty percent of what all industry com-
bined spent. Basic research does not play too important a role for, of 
the $778 million spent on research and development, only $18.7 million 
* was spent on basic research. Sixty-one thousand engineers and scientists 
were employed in 1954 by the electronics industry, eleven percent of the 
5531 800 engineers and scientists in all industry. Of the 611 0001 forty-
eight percent were engaged in research and development. 
As was noted previously, the commercial products segment of 
the industry is the one in which most of the items to be used in automa-
tion are found. A breakdown of this segment is shown in Table XIX which 
** gives the estimated annual value of factory sales for various years. It 
is not possible to segregate the figures for automation alone, but the 
greatest part of the estimated increase of sales for the classification 
of industrial control instruments, clerical and scientific data process-
ing equipment, x-ray equipment and tubes, and a substantial part of the 
sales of radiation instruments may be attributed to automation. 
Geographically, the electronics industry can be divided into 
four main regions in the country: New England, the Middle Atlantic states, 
*35, p. 12 
**53, p. 74 
Table XIX 
Commercial Electronic Market 
Estimated Annual Value o£ Factory Sales 
(millions o£ dollars) 
Product 
Industrial Control 
Instruments 
Clerical and Scientific 
Data Processing Equip-
1940 
3 
ment 0 
Laboratory and Scientif-
ic Equipment 5 
X-Ray Equipment and 
Tubes 12 
Broadcast Equipment i 
Mobile and Amateur Radio 2 
Heating Apparatus 1 
Radiation Instruments 0 
Industrial Television 0 
Microwave Relays 0 
Marine Equipment (non-
military) 1 
Aviation Equipment (non-
military) 1 
Total. 26 
1947 1953 
12 65 
4 25 
23 100 
49 60 
18 60 
25 35 
4 20 
4 20 
0 6 
2 12 
5 9 
2 7 
148 419 
Source: TELE-TECH and Electronic Industries, July, 1954 
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1960 
150 
500 
200 
90 
80 
60 
50 
50 
40 
25 
15 
15 
1,275. 
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the Midwest and the Far West. All these areas have two very important 
things in common: they contain centers of research and development and 
there is plenty of skilled labor available. An interesting comparison of 
these areas is shown in Table XX. 
B. The New England Sector 
Not since the textile industry was in its heyday has an indus-
try had such an impact on New England as has the electronics industry. Al-
though some companies have been in existence since the 20's, the industry 
did not really make itself felt until World War Il, and since that time it 
has made its presence increasingly evident. Almost twenty percent of the 
growth of manufacturing employment in New England since 1939 can be direct-
* ly attributed to the electronics industry. 
1. Characteristics 
What special characteristics of New England have made this growth 
possible? Three main elements, together with other lesser ones, are respon-
sible: the availability of research and development facilities, the avail-
ability of skilled labor, and the availability of skilled management. 
Without question, Boston and the surrounding area contain perhaps 
the largest concentration of educational and research institutions to be 
found anywhere in the United States. The leader in the educational field 
*52, p. 1 
Table XX 
Number of Firms and OUtput in Electronics Industry - 1951 
OUtput in Millions 
Number 
Region of Firms ! Military 
New England 466 15) 
) 
New York and 1,286 41) 1,900 
New Jersey ) 
) 
Penna., Md., 255 8) 
etc. ) 
Middle West 868 28 1,700 
West 263 8 630 
100 
Source: Electronics Buyers' Guide 1951 
TELE-TECH, January 1952 
! Civilian 
45 825 
40 600 
15 75 
·-
100 
of Dollars 
! Total 
55 2,725 
40 2,300 
5 705 
100 
90 
! 
48 
40 
12 
100 
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is Massachusetts Institute of Technology, with not only tremendous train-
ing facilities for engineers and scientists, but also vast resources for 
engaging in all types of research and development. From its Radiation 
Laboratory in World War II came many of the innovations and advancements 
in electronics, especially in the field of radar. Its other laboratories 
and facilities have also contributed heavily both during that period and 
since. At present, the Lincoln Laboratory is making tremendous contribu-
tions to the field although most information about them is still classi-
fied for security reasons. The other educational institutions in the area, 
notably Boston University, Harvard University, Northeastern University and 
Tufts University, have also been active in supplying research facilities 
and the trained personnel needed for such activities. 
''Research Row, u an area along the Charles River in Cambridge ad-
jacent to M.I.T., occupied by a group of research and development firms 
such as the Arthur D. Little eo., is an excellent example of the facili-
ties offered by industrial research groups in the New England area. Many 
small, as well as large, companies have been formed since World War II to 
meet the specialized needs of the electronics industry and are located in 
various parts of New England but in the Boston area in particular. 
The availability of skilled labor has been a very strong asset 
for the presence and growth of the electronics industry in New England. 
Workers in the textile industry have been very successful in transplant-
ing their skills for use in electronics manufacture. The decline of the 
textile industry in this area has created a surplus of these skilled work-
ers for the electronics industry to draw upon. 
The virtual disappearance of the watch industry also has made 
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available many skilled workers and it is interesting to note that the city 
of Waltham, home of the Waltham Watch Company, has attracted several elec-
tronics firms to it in the last few years. In addition to the availabili-
ty of people with watchmaking skills, many firms which used to supply the 
watchmakers with precision components are now supplying precision compo-
nents to the electronics companies. 
Skilled workers from other industries, such as the machine tool 
industry and the instrument industry, have made and are making substantial 
contributions to the electronics industry. 
New England is often considered to be populated by rather con-
servative people but, in reality, it contains many skilled, progressive 
management men as is ·evidenced by the increasing number of new companies 
in fields such as electronics and the continuing expansion and diversifi-
cation of companies already existing. These men understand the need and 
uses of research and development and are ready to apply them to industry 
whenever possible. Venture capital is fairly readily available and there 
exists more than adequate financing facilities and sources. While these 
points are not unique to New England, they are strong factors for the 
growth of electronics in this area. 
Other characteristics of New England which are advantageous to 
the electronics industry are the accessibility of materials and supplies, 
nearness to customers and markets and the New England climate itself. The 
latter is considered to be an advantage especially in the case of young 
people who dominate the young industry, for the area has its winter sea-
son sports, such as skiing and skating, and its summer sports, such as 
sailing and swimming. 
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Table XXI shows some of the results of a survey undertaken in 
1953 by the Federal Reserve Bank of Boston and indicates what the firms 
in the electronics industry in New England consider to be the advantages 
and disadvantages of the area. 
2. types of Manufacture 
The New England electronics industry is not generally concern-
ed with the manufacture of products for the consumer mass markets. While 
some radios are produced in this area, there is no production of televis-
ion sets of any consequence to be found. Those parts of the industry 
which require large amounts of relatively unskilled labor for assembly 
of mass produced items are not present in New England in any appreciable 
quantity. 
Efforts of ~he industry are, instead, concentrated on producing 
industrial products and components of high value but small physical size. 
All types of industrial measuring and control equipment are produced, as 
well as such items as laboratory and scientific equipment, clerical and 
scientific data processing equipment and equipments of similar nature. 
Many firms produce components which are used in the assembly 
of complete end products by other segments of the industry. Companies 
such as Raytheon, Hytron, and Sylvania produce large quantities of all 
types of receiving tubes,. transmitting tubes, special purpose tubes, and 
semiconductor devices such as transistors. Aerovox and Sprague Electric 
supply a large portion of the entire industry•s demands for capacitors 
and related compenents. Innumerable smaller companies provide a multi-
Table XXX 
The Electronics Industry Weighs Itself 
126 Reporting Fir.ms 
Advantages of New England Location 
Location Factor 
Supply of Skilled Labor 
Accessibility of Materials 
and Supplies 
Availability of Research and 
Engineering 
Nearness to Customers and 
Markets 
Center of Electronics Business 
Climate, Living and Working 
Conditions 
Big~ Quality of Labor 
Nearness to Residences 
of Personnel 
Goo'd Transportation Facilities 
Cult~ral Advantages of Boston 
Availability of Services 
Reasonable Wage Rates 
Financial 
Other 
Total NUmber of Advantages 
Mentioned 
Boston 
Fir.ms 
30 
10 
21 
7 
10 
2 
4 
8 
3 
3 
2 
3 
1 
6 
110 
Disadvantages of New England Location 
Distance from Customers 
Taxes (State and Local) 
High Cost of Transportation 
High Cost of Labor 
Lack of Interest in Development 
Lack of Financial Sources 
Distance from Manufacturers 
of Components 
Labor Shortage 
High Cost of Electric Power 
Poor Transportation Service 
Old and Obsolete Buildings 
Climate 
High Cost and Shortage of Sites 
Restrictive Legislation 
Other 
Total Number of Disadvantages 
Mentioned 
12 
22 
9 
3 
5 
5 
5 
2 
4 
3 
2 
2 
1 
1 
3 
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Other N.E. 
Fir.ms 
21 
18 
3 
15 
5 
13 
8 
4 
4 
2 
3 
1 
1 
5 
103 
22 
11 
6 
9 
3 
2 
2 
4 
1 
1 
1 
1 
1 
1 
6 
71 
TOTAL 
51 
28 
24 
22 
15 
15 
12 
12 
7 
5 
5 
4 
2 
11 
213 
34 
33 
15 
12 
8 
7 
7 
6 
5 
4 
3 
3 
2 
2 
9 
150 
Source: Monthly Review, Federal Reserve Bank of Boston, October 1953 
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tude of specialized components for end use elsewhere. 
Manufacture of equipment for the military is also a big item 
with many electronic concerns in New England. Radar equipments, sonar 
equipments, communication equipments and many other special types of e-
quipments are manufactured. In general, these items are produced in 
fairly small lots but each equipment is usually of very high value. 
3. Recent Growth 
one need only take a ride along Route 128, the Massachusetts 
Circumferential Hig4way, to get an indication of recent developments in 
the electronics industry in New England in general and Massachusetts in 
particular. Companies such as Sylvania, Vectron, Polaroid, Hytron and 
Transonics have built new facilities all along the route, and several 
more are planned for the near future. Waltham, Bedford, and Lowell are 
representative of areas where considerable expansion has taken place in 
recent years. 
The Federal Reserve Bank Survey showed that of the electronics 
fir.ms in existence in New England in 1953, forty-two percent had been 
* formed since 1945. In two surveys conducted by the Associated Industries 
of Massachusetts, it was found that somewhat over 300 companies in Massa-
chusetts were associated with the electronics industry in' 1952, but that 
in 1955 over 450 companies were associated, an increase of over fifty per-
** cent in three years. Employmentwise, the total number of employees of 142 
*52, p. 2 
**41, p. 17 
firms reporting rose from 38,466 in January 1951 to 58,697 in January 
* 1953. Exact statistics from a survey conducted in 1956 by the Federal 
Reserve Bank of Boston are not presently available but all indications 
point to a continuing and fairly rapid increase in employment in the 
industry. 
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Sales figures of any particular significance are, unfortunate-
ly, not available at this time. It can be said without much reason for 
doubt, however, that the sales volume of the New England sector of the 
electronics industry has increased at least as rapidly as that of the 
rest of the industry. 
4. Future Growth 
The future of the New England electronics industry, as well as 
the entire electronics industry, looks very bright indeed. The. factors 
mentioned previously, of availability of research and development facil-
ities, skilled labor and skilled management, are prime reasons why New 
England will be a leading sector in the growth of this dynamic industry. 
New England electronics manufacturers already produce many of 
the components and equipments which will be used in automation. Printed 
circuits, resistors, capacitors, transistors, and almost all components 
necessary are present·ly being manufactured here and many concerns are in-
volved in manufacturing the various control devices and other equipments 
used. 
Military needs are also expected to remain high in the foresee-
able future, and New England has a solid background in producing these 
*52, p. 2 
items Which should be influential in determining that substantial con-
tract awards are made to firms in this area. 
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Many other new uses for electronics will be found, as is 
brought out by the A.I.M.'s survey which showed that 102 companies in 
Massachusetts reported the development of 1 1742 new products in the last 
three years. 
New research and development facilities as well as manufactur-
ing facilities are presently being constructed or are in the planning 
stage for several companies. Industrial areas, such as Needham's New 
England Indust~ial Center, and Lowell's Industrial Park, will see new 
construction for electronics firms in the near future. 
There are certain drawbacks that may hinder the growth of the 
industry in New England but most firms feel that these obstacles can be 
overcome. Two very important ones are the somewhat unfavorable tax struc-
tures, both local and regional, and the increasing competition from other 
areas for engineers and other scientists. One need only look at the clas-
sified section of a newspaper to realize how large the demand for these 
men is, with companies from all over the country competing with each oth-
er for the chance to hire them. 
On the whole, the balance does seem to swing quite heavily in 
the direction of increased growth and prosperity for the electronics in-
dustry in New England. 
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IX. Summ:"-ry 
Although the word "automation'' has only recently found its way 
into our vocabulary, and it defies the attempts to define it precisely, 
most of the principles involved have been with us for some time in vary-
ing degrees. Elements of self-control, of continuous flow operation, 
and the over-all guidance of a computer or similar decision-making device 
are found wherever .automation exists. It is something more than just in-
creased use of mechanization and automatic methods. 
The techniques of automation will be introduced in to the manu-
facturing processes and in fact all business functions as part of a long-
range program, rather than so as to effect a revolution. By systematical-
ly incorporating new elements of automatic control and processes into the 
production line, many of the benefits of fully automated production will 
be realized without the huge initial capital outlay necessary for the com-
pletely automated plant. 
Management will have to have considerable vision and be alert to 
act promptly if the benefits of automation are to be fully realized. Fresh 
thinking, unfettered by outdated and outmoded methods and thoughts, will 
be a necessity. The end use of the products manufactured will determine 
how the products are to be made and the function of the product will be of 
prime importance, not the form. 
Economies of mass production, using automated methods, must be 
balanced against the available and potential size of the market for the 
items produced. Danger of obsolescence looms larger than ever before and 
its effects will be greatly increased because of the very large capital out-
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lay necessary for a completely automated production line. For these ~ea-
sons, there will still be room in industry for the manufacturers of custom 
and high-style items. 
Population increase and the attendant increase in demand for all 
types of goods which are forecast for the not too distant future make the 
introduction of automation almost mandatory if we are to attain the higher 
standards of living that are desired and control inflation. 
While mass unemployment will probably not result, there may well 
be serious temporary dislocations of workers in nonrelated areas. Manage-
ment will have to give considerable thought to this problem and concrete 
plans should be made to lessen the effects of these disruptions as much as 
possible. 
Introduction of automation should bring about an upgrading in 
the average skill level of workers, for highly trained personnel will be 
necessary to operate and maintain the complex equipment used. 
Automation on the whole will bring many benefits to the economy 
and will have many more advantages than disadvantages. 
The survey taken of the electronics industry in New England 
points out that the majority of electronics firms feel that there is an 
excellent future for the industrial use of electronics in automation. 
The fields of machine tools, ch~mical process and electronics hold the 
greatest promise, with the production, quality 
ling, and data processing areas most fruitful. 
reliability and higher profits are seen as the benefits most. likely t~:: 
accrue. -.: _ .... 
-. "'.. 
MOst needed is a free flow of ~tion between the~echni-
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cal people in the electronics industry and management people in other in-
dustries especially as pertains to what electronics has to offer on one 
hand and what problems the other industries face on the other hand. 
In line with this, the discussion of the use of electronic 
controls with machine tools has shown what can be accomplished in this 
line. The Numerically Controlled Milling Machine developed at the Massa-
chusetts Institute of Technology is an excellent example of the uses to 
which electronic controls can be put. 
Computers are destined to play an increasingly important role 
in automation. Several applications have already been made, especially 
in the scientific and data processing fields. The latter field will un-
doubtedly provide the widest range of possibilities in the near future. 
Use of the computer in the production process will probably be somewhat 
limited in the next few years and the fully automated factory, except in 
specialized cases, as in the petroleum industry, will not be with us for 
quite some time. 
Several steps can and have been taken to automate or at least 
make more automatic the assembly .process of manufacturing. The electron-
ics industry itself has taken several strides in this direction, and by 
using printed circuits and various new types of construction, such as the 
modular or Tinkertoy construction, automatic assembly of electronic equip-
ment is presently in being in several commercial operations. Much work 
remains to be done, however, before a completely automated assembly line 
.becomes a reality. 
Many examples of the use of electronics in control systems 
have been given, illustrating how sensing, regulating, recording, and con-
trol can be accomplished by electronic means. 
The future of the dynamic electronics industry seems to be 
especially bright in the New England area. The availability of some 
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of the foremost research and development facilities~ coupled with the 
good supply of skilled labor has been chiefly responsible for the steady 
and rapid growth of the industry in this area in the last decade. These 
factors, plus the proximity of large segments of industries such as the 
machine tool, insurance and banking, and the electronics industries, 
which .readily lend themselves to automation, will contribute to even more 
spectacular growth in the next decade. 
Automation is coming - in fact, many aspects of it are already 
here. The need for electronics in automation will be tremendous. The 
New England electronics industry stands ready to play a major part in the 
further expansion of the American economy. 
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